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Improvement of Mature Burn Scars–A Randomized
Controlled Trial With Histological Assessment

ElisabethH. Taudorf, MD,1�Patricia L. Danielsen, MD,PhD,1 Ida F. Paulsen, MD,2 Katrine Togsverd-Bo, MD,PhD,2

Christine Dierickx, MD,3 Uwe Paasch, MD, PhD,4 and Merete Haedersdal, MD, PhD, DMSc
1

1Department of Dermatology, Bispebjerg Hospital, University of Copenhagen, Denmark
2Clinic for Plastic Surgery, Burn Treatment and Breast Surgery, Copenhagen University Hospital, Rigshospitalet,
Denmark
3Skin and Laser Center, Boom, Belgium
4Departments of Dermatology, Venereology and Allergology, University of Leipzig, Germany

Background and Objectives: Non-ablative fractional
laser-treatment is evolving for burn scars. The objective of
this study was to evaluate clinical and histological long-
term outcome of 1,540nm fractional Erbium: Glass laser,
targeting superficial, and deep components of mature burn
scars.
Materials & Methods: Side-by-side scar-areas were
randomized to untreated control or three monthly non-
ablative fractional laser-treatments using superficial and
extra-deep handpieces. Patient follow-up were at 1, 3,
and 6 months. Primary outcome was improvement
in overall scar-appearance on a modified-Patient-and-
Observer-Scar-Assessment-Scale (mPOSAS, 1¼ “normal
skin”, 10¼ “worst imaginable scar”). Secondary outcomes
included histology, patient satisfaction (0–10), patient-
assessed improvement, and safety.
Results: Study was completed by 17 of 20 randomized
patients with normotrophic (n¼ 11), hypertrophic (n¼ 5)
or atrophic (n¼ 1) scars. Scar-appearance improved from
laser-treatments (P< 0.001 vs. untreated) and histology at
6 months supported collagen-remodeling. Improvement
appeared continuously during the post-operative period
(mPOSAS baseline: 7 [5–8], 6 months: 4 [3–5] P¼<0.001).
At 6 months, patients were satisfied with treatment (6 [3–
9]) and 82% reported improved scar-texture. Treatments
caused mild to moderate pain (4 [2–7]). Adverse effects
decreased during follow-up and at final assessment,
discrete erythema, hyperpigmentation or imprints from
laser-grid were present in 11 patients. No patients
experienced worsening of scar-appearance.
Conclusions: Combined superficial and deep non-
ablative fractional laser-treatments induce long-term
clinical and histological improvement of mature
burn scars. Lasers Surg. Med.
� 2014 Wiley Periodicals, Inc.

Key words: burns; cosmetic surgery; laser treatment;
non-ablative Erbium: glass laser; photothermolysis; skin
grafts; scar texture

INTRODUCTION

Burn injuries affect people of all ages and cultures
and cause severe morbidity and mortality. In the United
States, 450,000 individuals received medical treatment
and 3,400 died of burn injuries in 2012 [1]. Despite
advances in initial care and surgical procedures [2], burns
often heal with conspicuous scar patterns of varying relief,
texture and dyspigmentation. In addition, scarsmay cause
psychological discomfort, neuropathic pain, itching, and
contractures [3]. The poor cosmetic outcome and function
in these scars have traditionally been difficult to treat.
Thus, new approaches to treatment are needed.

Fractional lasers are evolving treatment modalities for
burn scars. Two types of fractional laser techniques are
available; non-ablative fractional laser (NAFL) creates
columns of coagulated tissue and leaves the skin barrier
intact [4], while ablative fractional laser (AFL) disrupts
the epidermis and vaporizes vertical channels into the
skin [5,6]. Both techniques induce wound healing response
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and collagen remodeling in healthy skin and thereby hold
the potential to improve scar tissue [4,6,7].

A new “Laser Scar Treatment Algorithm” that recom-
mends NAFL and AFL in the routine treatment of burn
scars has been proposed in a recent expert consensus
report [8]. Both non-ablative and ablative techniques have
shown promising outcomes in treatment of mature burns
scars; NAFL has been investigated in one blinded
randomized controlled trial [9], in two uncontrolled open
studies [10,11] and in a case report [12], while the evidence
of AFL as monotherapy for burn scars includes two
uncontrolled open studies [13,14] and four case reports [15–
18]. So far, studies have evaluated treatment responses up
to a maximum of 3 months after both NAFL and AFL and
long-term treatment response remains to be evaluated.
The histological burn scar response to fractional laser
treatment has been investigated in two previous studies of
AFL-treatment [13,14], while it is yet to be explored after
NAFL-treatment.

Fractional lasers are able to target the delivered energy
at different compartments of the skin [19]. It has been
hypothesized that penetration depth of laser energy
ideally has to be targeted at the entire thickness of scar
tissue [8,9,11]. However, the effect of extending NAFL-
treatment to deeper parts of burn scars remains to be
clarified. Thus, the objective of this study was to evaluate
clinical and histological long-term outcome of 1,540nm
NAFL-treatments targeting superficial and deep compo-
nents of mature burn scars.

MATERIALS AND METHODS

Study Design

A randomized controlled trial with on-site blinded
clinical evaluations and 1, 3, and 6 months follow-up
(mfu). Studywas approved prior to initiation by theDanish
Research Ethics Committee (No.: H3-2009-149) and regis-
tered 12th of December 2013 at Clinicaltrials.gov (No.:
NCT02014298). All study participants provided written
informed consent.

Patients

Patients with scars from deep second or third degree
burnswere recruited fromNovember 2011 to January 2012
at Clinic for Plastic Surgery, Burn Treatment and Breast
Surgery, Copenhagen University Hospital, Rigshospitalet,
Denmark. Inclusion, treatments and follow-up visits
were performed from January to September 2012 at
the Department of Dermatology, Bispebjerg Hospital,
Denmark.

Eligible patients were adults aged 18–60 years with
Fitzpatrick skin type I–III [20], burn scar duration of at
least one year, a total scar area allowing selection of two
similar side-by-side test areas, and no mental conditions
associated with a risk of poor protocol outcome. Atrophic,
normotrophic, and hypertrophic burn scars were accepted
for inclusion regardless of previous skin-grafting. Exclu-
sion criteria were pregnancy, lactation, tendency to form
keloid, and use of certain systemic treatments within the

last sixmonths such as anticoagulants, oral retinoids, anti-
inflammatory or immunosuppressive drugs. When includ-
ed, study areas should appear without suntan, wounds or
infection and any previous treatments with laser, intense
pulsed light, dermabrasion, chemical peel or filler were not
allowed.

Laser Treatments and Study Procedures

Two side-by-side square areas of minimum 1.5� 3 cm
with similar burn scar appearance received three NAFL-
treatments at 4–6 weeks intervals and served as untreated
control, respectively. Randomization was performed im-
mediately before first laser treatment by patients receiving
opaque, sealed envelopes that were mixed and consecu-
tively numbered by an appointed nurse before study
initiation.
All treatments were performed by the same physician

(EHT) using a 1,540nm Erbium: Glass NAFL (StarLux-
500TM, Palomar Medical Technologies, Inc., Burlington,
MA, USA). A combined approach to target superficial and
deep compartments of the skin was applied by utilizing
tissue compression to avoid scattering of laser energy with
an extra deep (XDTM) handpiece, followed by a superficial
extra fast (XFTM) handpiece. The XDTM handpiece deliv-
ered three stacked pulses in 10 passes without overlap
between adjacent laser grids using energy settings of
70mJ/microbeam and 15ms pulse durations. Immediately
afterwards, XFTM handpiece delivered two passes of single
pulses with 50% overlap between adjacent laser grids
using energy settings of 50mJ/microbeam and 15ms pulse
durations. Cold air-cooling was administered during
treatments (CryoAir, MecoTec GmbH, Germany).
Biopsies were collected from scar tissue at baseline

(n¼17) and 6mfu (n¼15). At baseline, additional biopsies
from normal skin were taken on an optional basis (n¼ 13).
All biopsies were embedded in paraffin, stained with
haematoxylin and eosin (H&E), cut vertically in 4–6mm
slices, and evaluated qualitatively with a calibrated bright
field microscope (BX41, Olympus, Hamburg, Germany)
equipped with calibrated CellF software (Olympus, Ham-
burg, Germany).
Clinical photos were taken under standardized lighting

conditions and patient positioning with a digital camera
(Canon EOS 1100D) using a 60mm Macro objective and
flash (Canon Macro Twin Lite MT-24EX).

Patient and Observer Scar Assessment Scale
(POSAS)

Study outcomes were partially based on a validated
Patient andObserverScarAssessmentScale (POSAS) [21].
. POSAS ranges from 1–10, where one is comparable to
“normal skin” and 10 represents “worst imaginable scar.”
The Observer-part of POSAS evaluates overall scar
appearance, as well as specific assessments of vascularity,
pigmentation, thickness, relief, pliability, and surface
area [21,22]. In this study, registration of surface area
was excluded since the test areas constituted a fixed size
according to study procedures and thus, the scale is
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subsequently referred to asmodifiedPOSAS (mPOSAS). In
accordance with recent validation of POSAS for burn
scars [23], the Patient-part of mPOSAS was omitted from
data analyses, since it was difficult for the patients to
apply.

Evaluation Criteria

Clinical evaluationswere performed at baseline 1, 3, and
6mfu. Primary outcome was evaluation of overall scar-
appearance on mPOSAS by a blinded physician (MH).
Based on mPOSAS reduction, we classified the improve-
ment of treated area as mild (¼1-point reduction),
moderate (¼2-point reduction) or significant (�3-point
reduction).
Secondary outcomes were patient satisfaction (0–10

categorical scale), patient-evaluated efficacy (1–5), quali-
tative histological evaluations of scar structure at 6mfu,
and safety. Safety parameters included pain during
treatment (0–10), immediate occurrence of edema, erythe-
ma, purpura, and blistering (0–3), 24-hour adverse effects
(patient questionnaire) and adverse effects after 6months,
such as hyperpigmentation, erythema, imprints from laser
grid and scarring (binary scale).

Statistical Analyses

Descriptive statistics were presented as medians and
interquartile ranges (IQ ranges) since data did not follow
Gaussian distributions tested by Shapiro–Wilk normality
test. Friedman test was used for the comparison of more

than twomatched groups andWilcoxonmatched pairs test
for two paired groups. A sample size of 16 patients provided
80% power to detect a difference of two on the 1–10 point
mPOSAS with an estimated standard deviation of two and
a two-tailed significance level of 5%. A total of 20 patients
were included in order to consider the potential risk of
drop-outs. Statistical analyses and graphical illustrations
were performed with GraphPad Prism 5 (GraphPad
Software, La Jolla, CA, USA). P-values < 0.05 were
considered significant.

RESULTS

Twenty patients were randomized to treatment. Study
population consisted of 11 females and 9 males of median
38 (24–46) years with Fitzpatrick skin types II (n¼ 13) and
III (n¼7). Patients suffered from burn scars on trunk
(n¼ 6) or extremities (n¼ 14), caused by fire (n¼ 15) or
scalding (n¼ 5). Burn scars had lasted for a median of 6.5
(4–20) years and were stable at time of inclusion (Table 1).
Three patients were excluded due to pregnancy (n¼ 1) and
for personal reasons unrelated to study procedures (n¼ 2)
(Fig. 1). All statistics are subsequently based on the
17 patients, who completed study.

TABLE 1. Baseline Demography and Burn Scar

Characteristics

Baseline demography of included patients (n¼20)

Age 38 (24–46)

Sex

Women n¼ 11 (55%)

Men n¼9 (45%)

Skin type

II n¼ 13 (65%)

III n¼7 (35%)

Burn scar characteristics

Scar age (years) 7 (4–20)

Etiology of burn scar

Fire n¼ 15 (75%)

Scalding n¼5 (25%)

Previous meshed skin grafting

Yes n¼ 14 (70%)

No n¼6 (30%)

Scar location

Thigh n¼5 (25%)

Upper arm n¼5 (25%)

Chest n¼4 (20%)

Lower arm n¼2 (10%)

Dorsum of hand n¼2 (10%)

Back n¼2 (10%)

Data are medians (IQ ranges) or numbers (%). Fig. 1. Participant flow-chart.
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Scar Characteristics

Scars were classified as normotrophic (n¼ 11), hyper-
trophic (n¼ 5) or atrophic (n¼ 1), and 12 of 17 scars had
meshed skin-grafts. Clinically, grafted scars had charac-
teristic patterns of varying thickness, texture and dyspig-
mentation (Fig. 2). All scars had loss of skin appendages
such as hair follicles and glands and presented within the
range of thin shiny surfaces to thick bulky lesions.

Improvement of Overall Scar-Appearance

At baseline, individual side-by-side test areas presented
with similar overall scar-appearance of moderate to severe
scarring (mPOSAS: 7 [5– 8], P¼ 1, Table 2, Fig. 2). NAFL-
treated scars gradually improved throughout study period
(1mfu: 6 [5–7], 3mfu: 5 [4–6], and 6mfu: 4 [3–5],
P<0.001), while the control area remained stable
(P¼0.166) (Table 2). Likewise, the treated area improved
significantly in comparison to untreated control from
baseline to 3 months (P¼ 0.036) as well as from 3 to
6 months (P¼ 0.009) (Table 2).

At 6 months the laser-treated scar area appeared
smoother than untreated control in 15 of 17 patients
(88%), particularly due to improved skin thickness
(P<0.001), relief (P< 0.001), and pliability (P¼0.008)
(Table 2). Improvementwasmild in two patients,moderate
in seven patients and considerable in six patients.
Normotrophic meshed skin-grafts were seen in five of
the six patients with considerable improvement, and
clinically, meshed-skin grafts tended to respond better to
treatment than non-meshed skin (P¼ 0.110, Fig. 2).

Hypertrophic bulky scars achieved only mild to moderate
improvement irrespectively of skin-grafting.

Patient Evaluations

In accordance with blinded physician’s assessments, 14
of 17 patients (82%) reported visual improvement of scar
texture at 6mfu. Patient satisfaction was stable through-
out the postoperative period with a median score of 6 (3–9)
at final follow-up visit 6 months after treatment.

Histological Collagen Remodeling

Fifteen biopsies were qualitatively evaluated at baseline
and 6months post-treatment and compared to normal skin

Fig. 2. Burn scar: Clinical improvement from baseline (top
picture) to six months follow-up (lower picture)in agood-respond-
ing patientwith meshed skin-graft (treated in right area).
Improvement on mPOSAS: 4 points.

TABLE 2. Clinical Burn Scar Appearance at Baseline

and 1, 3, and 6 Months Follow-up

Control areaTreated area P

Overall impression

Control and Treated area:

Baseline 7 (5–8) 7 (5–8) 1.000

1 month 7 (5–8) 6 (5–7) 0.281

3 months 7 (5–8) 5 (4–6) 0.036

6 months 7 (5–7) 4 (3–5) <0.001

P 0.166 <0.001

Change:

Baseline–3 months 0 (0–1) 1 (1–3) 0.036

3–6 months 0 (0–0) 1 (-1–2) 0.009

Baseline–6 months 0 (0–1) 2 (2–3) <0.001

Thickness

Change:

Baseline–3 months 0 (0–0) 1 (1–2) <0.001

3–6 months 0 (0–0) 0 (0–1) 0.233

Baseline–6 months 0 (0–0) 1 (1–2) <0.001

Relief

Change:

Baseline–3 months 0 (0–0) 3 (2–4) <0.001

3–6 months 0 (0–0) 0 (0–1) 0.821

Baseline–6 months 0 (0–0) 3 (2–4) <0.001

Pliability

Change:

Baseline–3 months 0 (0–0) 1 (0–2) 0.034

3–6 months 0 (0–0) 0 (0–1) 0.071

Baseline–6 months 0 (0–0) 1 (0–2) 0.008

Vascularity

Change:

Baseline–3 months 0 (0–0) -1 (-2–0) 0.002

3–6 months 0 (0–0) 1 (0–2) 0.004

Baseline–6 months 0 (0–1) 0 (-1–1) 0.092

Pigmentation

Change:

Baseline–3 months 0 (0–1) 1 (0–3) 0.397

3–6 months 0 (0–0) 0 (-1–1) 0.468

Baseline–6 months 0 (0–1) 1 (0–3) 0.208

Data are medians (IQ-ranges) based on clinical evaluations of the
Observer-part from a modified Patient and Observer Scar
Assessment Scale (mPOSAS).
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structure. The epidermal compartment presented with
more prominent rete ridges in comparison to the flattened
dermal-epidermal junction present in untreated baseline
scar. In the dermal compartment, collagen structure
changed from thick surface-paralleled hyalinised bundles
to uniform dense interwoven fibers with higher vasculari-
zation. Overall, scar architecture was modified towards
normal skin structure. Furthermore, inflammation de-
creased and was predominately found in the deep dermis
after NAFL treatments (Fig. 3).

Safety

Patients experienced mild to moderate pain from treat-
ments and pain intensity was similar during the three

treatment sessions (VAS: 4 [2–7], P¼0.374). Immediate
treatment reactions consisted of edema (85–95% of
patients), erythema (90–100%), and purpura (50–80%),
whereas no patients developed blisters (Table 3).

At 24hours after treatment, patients reported redness
(95–100% of patients), dryness (53–60%), swelling (26–
40%), temperature sensibility (15–20%), flaking(15–16%),
and blistering (0–5%) (Table 3). Post-operative skin
reactions did not influence the patients’ daily activities.

Majority of adverse effects were transient and overall
decreased during the post-operative period. At final follow-
up visit 6 months after treatment, 11 of 17 patients
experienced discrete erythema (n¼ 8), hyperpigmentation
(n¼ 6) or imprints from laser-grid (n¼ 3, Fig. 4) (Table 3).
No patients hadworsening of scar-appearance afterNAFL.

Fig. 3. Burn scar: Histology from a scar with meshed skin-graft (H&E stained). At baseline (pre-
treatment) dermis presents with focal scar tissue, surface-paralleled thickened and centrally
hyalinized collagen bundles and inflammation (left picture). At 6 months follow-up (post 3 non-
ablative fractional laser treatments) the skin appears normal with uniform dense interwoven
collagen fibers, re-established rete ridges at the dermal-epidermal junction, sparse inflammation
and higher vascularization (middle picture).Normal skin from the same anatomical region is shown
for comparison (right picture).

TABLE 3. Treatment Responses and Adverse Effects After non-ablative Fractional Laser

Event 1st Treatment (n¼20) 2nd Treatment (n¼ 20) 3rd Treatment (n¼ 19)

Immediate response

Edema n¼17 (85%) n¼19 ((95%) n¼18 (95%)

Erythema n¼20 (100%) n¼18 (90%) n¼18 (95%)

Purpura n¼16 (80%) n¼10 (50%) n¼12 (63%)

Blistering n¼ 0 (0%) n¼ 0 (0%) n¼ 0 (0%)

Other n¼ 0 (0%) n¼ 0 (0%) n¼ 0 (0%)

24 hour response

Swelling n¼ 8 (40%) n¼ 8 (40%) n¼ 5 (26%)

Redness n¼19 (95%) n¼20 (100%) n¼19 (100%)

Blistering n¼ 0 (0%) n¼ 0 (0%) n¼ 1 (5%)

Flaking n¼ 3 (15%) n¼ 3 (15%) n¼ 3 (16%)

Dryness n¼11 (55%) n¼12 (60%) n¼10 (53%)

Oozing n¼ 0 (0%) n¼ 0 (0%) n¼ 1 (5%)

Temperature sensibility n¼ 4 (20%) n¼ 3 (15%) n¼ 4 (21%)

6 months follow-up (n¼17)

Erythema n¼ 8 (47%)

Hyperpigmentation n¼ 6 (35%)

Visible grid pattern n¼ 3 (18%)

Scarring n¼ 0 (0%)

Data are number of patients (%).
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DISCUSSION

In this study, NAFL-treatment induced long-term
improvement of mature burn scars. Clinical improvement
was supported by histological collagen remodeling towards
normal skin structure. Smoothening of scar texture
appeared gradually and continued up to final follow-up
at 6 months. Clinically, we found a tendency towards
superior efficacy of NAFL-treatment in scars with normo-
trophic meshed skin-grafts. This observation might be
explained by an increased remodeling potential of healthy
skin-transplants compared to burned scar tissue.

Hypertrophic difficult-to-treat scars responded less
favorably than normotrophic and atrophic scars in spite
of the combined NAFL approach targeting superficial as
well as deep scar components. A previous randomized
controlled trial (RCT) investigated 1,540nm superficially
targeted NAFL for mature burn scars [9] and found a
similar lack of improvement in thick bulky scars. Possibly,
a better treatment response could have been achieved by
additional treatment sessions or adjusted laser settings
according to scar type. The penetration depth of NAFL has
previously been reported up to approximately 2.2mm [24]
using compression technique. Whether hypertrophic burn
scars may benefit from even deeper penetrating laser
energy or by treatment with a combination of different
laser types as suggested in one previous uncontrolled
study [25], remains to be clarified in future RCTs.

In general, positive outcomes have been reported from
NAFL [9–12] and AFL [13–18,25,26] for burn scars of
mixed atrophic, normotrophic and hypertrophic appear-
ances. These treatment modalities possess different
advantages and disadvantages. Thus, NAFL-treatment
is considered relatively safe due to intact epidermal
barrier, which requires little or no topical anesthetics
and causes minor post-treatment pain [9,11], minimal
wound care, low risk of infections and no patient down-

time. However, stamping with the NAFL handpieces is
time-consuming, which hampers the treatment of large
scar areas. Disruption of the skin barrier by AFL-
treatment may increase the penetration depth up to
4.0mm [8] and potentially increases the risk of post-
treatment pain, infections and ulcers [14]. Typically,
patient-recovery after AFL requires substantial wound
care and lasts approximately oneweek [13,26]. The ablated
channels generated by AFL may also serve as an
alternative route for drug delivery. Thus, burn scars
have previously been treated efficaciously with combina-
tions of AFL and corticosteroids [26].
AFL-treatment has been shown histologically to induce

collagen remodeling and molecular changes towards a
normalized expression of type I and III collagen [13,14].
The present study adds information that histological
collagen remodeling towards normal skin structure also
takes place after NAFL-treatment.
Previously reported fractional laser treatment regimes

for burn scars include various combinations of laser
settings and up to seven treatment sessions at 1–3 month
intervals [9–18,25,26]. The laser settings selected in this
study were based on pilot studies (not shown) since no
golden standard exists for NAFL-treatment of burn scars.
Even though 15 of 17 patients had overall improvement of
scar-appearance, 11 patients experienced one or more
prolonged adverse effects such as erythema, hyperpigmen-
tation or visible imprints from laser grid (Fig. 4). Overall,
adverse effects were transient and decreased during post-
operative follow-up towards a discrete appearance at study
completion. Thus, 82% of patients reported improvement
of scar appearance despite mild adverse effects. Still, the
complication rates are somewhat higher than elsewhere
reported [27,28], which may be explained by the applica-
tion of multiple passes or high pulse energies. Moreover,
visible imprints from laser grids have, to our knowledge,
not previously been described.
These findings emphasize the need for individually

adjusted laser settings that can be achieved by guidance
from immediate biological skin responses to test treat-
ments. Thus, NAFL-treatments should induce initial
erythema without epidermal affection followed by oedema
within a few minutes.
Based on the occurrence of adverse events we concluded

thatmaximum tolerable settings had been applied without
potential additional effect from increasing laser energy.
However, decreased number of passes, individually ad-
justed laser settings or augmented intervals between
treatments could possibly have improved the safety
profile [8].
Study limitations included occasional incomplete blind-

ing of evaluating physician due to prolonged erythema in
treated area and small sample size. Size and distribution of
patient population did not provide the power to make clear
conclusions on the observed tendency towards superior
efficacy of NAFL in normotrophic scars with meshed skin-
grafts. Thus, future RCTs are needed to verify this trend.
In conclusions, this study shows that three 1,540nm

NAFL-treatments targeting superficial and deep

Fig. 4. Burn scar: Example of visible imprint from laser grid
pattern in treated area at 6 months follow-up.
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components of scar tissue lead to continuous and long-term
clinical improvement of mature burn scars supported
by histological collagen remodeling towards normal skin
structure.
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